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ABSTRACT 
The length of single-walled carbon nanotubes (SWCNTs) is an important metric for the 
integration of SWCNTs into devices and for the performance of SWCNT-based electronic or 
optoelectronic applications. In this work we propose a rather simple method based on 
electric-field induced differential absorption spectroscopy (EFIDAS) to measure the chiral-
index-resolved average length of SWCNTs in dispersions. The method takes advantage of 
the electric-field induced length-dependent dipole moment of nanotubes and has been 
verified and calibrated by atomic force microscopy. This method not only provides a low cost, 
in-situ approach for length measurements of SWCNTs in dispersion, but due to the sensitivity 
of the method to the SWCNT chiral index, the chiral index dependent average length of 
fractions obtained by chromatographic sorting can also be derived. Also, the determination of 
the chiral-index resolved length distribution seems to be possible using this method.   
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Single-walled carbon nanotubes (SWCNTs) have a unique structure-property correlation 
which allows the nanotube’s chiral index and hence its diameter to be determined by 
spectroscopic methods such as absorption, fluorescence or Raman spectroscopy1. In 
contrast, the length of a carbon nanotube has little influence on its optical properties and 
therefore a direct spectroscopic access to the SWCNT length beyond 100 nm is not 
available,2,3 Consequently, methods that were proven to be very accurate in gauging nano-
scale and micro-scale dimensions such as Transmission Electron Microscopy, Scanning 
Electron Microscopy and Atomic Force Microscopy (AFM) have been applied to measure the 
length of a nanotube or the length distribution of a nanotube ensemble. In particular the AFM 
method has evolved as a kind of standard approach to measure nanotube length 
distributions,4,5 even though the characterization method requires specific substrates,  and 
additional preparation steps and is associated with uncertainties due to nanotube bundling 
on surfaces or selective adsorption. Therefore, the search for new SWCNT length 
measurement methods is ongoing, and especially the field of SWCNT liquid phase sorting 
would benefit from a fast and practical in-situ length characterization method. In recent years, 
a range of in-situ methods have been explored such as dynamic light scattering,6–9 
electrospray differential mobility analysis,10 diffusional trajectory,11 shear-aligned 
photoluminescence anisotropy12 and analytical ultracentrifugation13. The most advanced in-
situ measurement of the length distribution of dispersed SWNCTs has been reported by the 
Weisman group who introduced the length analysis by nanotube diffusion method (LAND).11 
The LAND method yields length distributions very similar to the comparative ex-situ AFM 
method, but unfortunately it requires a dedicated fluorescence microscopy setup that is not 
available to all researchers in the field. Hence we wanted to develop an in-situ method that is 
based on standard equipment and easy to implement. Moreover we decided to refrain from 
measuring the length distribution, but rather aimed at developing a method for measuring the 
average length, which is sufficient for many practical purposes. This led us to a rather simple 
method based on electric-field induced differential absorption spectroscopy (EFIDAS), which 
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allows determining directly the average length of SWCNTs in dispersions and provides 
chiral-index-resolution as an added value. The method takes advantage of the electric-field 
induced length-dependent dipole moment of nanotubes. In fact, electric-field induced 
alignment of SWCNTs in dispersion is not new and has been reported before.14–16 However 
previous works in aqueous media could only resolve alignment of bundles of SWCNTs and 
not of well dispersed individual SWCNTs. Using a low-k solvent instead of water, it is in fact 
possible to resolve the field alignment of individually dispersed SWCNTs as we will show in 
this work. Moreover, since we have used dispersions with only a small number of different 
SWCNT chiral indices, it was possible to resolve the chiral index dependent average length. 
Besides opening a new approach for fast direct length mapping of dispersed SWCNTs, our 
method also gives novel insights into the concept of surfactant-induced nanotube 
conductance which was introduced some time ago to explain dielectrophoresis of 
semiconducting SWCNTs.17 Furthermore simulations will show that the determination of the 
chiral-index resolved length distribution seems to be possible.  
 
RESULTS AND DISCUSSION 
First we introduce the concept of differential absorption and its dependence on the electric 
field strength, on the SWCNT diameter and on the SWCNT length, before going on to 
discuss the experimental results. We start with the derivation of the electric-field induced 
differential absorption by considering the optical absorption of carbon nanotubes in between 
two parallel linear polarizers ||A , modelled as18,19 
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where i  denotes the different (n, m) SWCNT species in solution with absorption coefficient 
i  and counting number iN . DS3  stands for the three-dimensional nematic order 
parameter,19 which has a lower-limit of 3 0DS   for a completely disordered phase, 03 DS  
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for a weakly ordered phase and an upper-limit of 13 DS  corresponding to a perfectly 
ordered phase. For SWCNTs with diameter CNTd and length CNTl  exposed to a homogeneous 
electric field E

 with angular frequency , the nematic order parameter can be expressed as 
),,,,( ,33
 

 CNTCNTCNTDD dlESS , with the complex dielectric functions 

CNT and 

  of the 
nanotubes and the solvent medium, respectively20 (see also Supporting Information). 
DS3  is a direct measure of the orientation of SWCNTs under an external electric field, 
provided that the absorption coefficient i  in equation (1) is constant under the applied 
electric field. For our experiment this assumption is valid when considering the electro-
absorption experiments of surface-pinned SWCNTs by Izard et al.21,22 Izard’s data shows that 
upon applying an electric field of 12.5 kV/cm the changes of i  are on the order of order of 
10-4, whereas in our experiments with dispersed SWCNTs we observe changes in ||A  on the 
order of 10-1 at an electric field of 2.5 kV/cm, as described later. Thus in our experiments ||A  
is predominantly determined by the orientation of SWCNTs as reflected by DS3 . Also  
transverse polarized transitions can be ignored due to a large depolarization effect in 
SWCNTs23 The electric-field induced, differential absorption A  is then simply the relative 
difference of the optical absorption with and without an electric field.  Since i  is not electric 
field dependent, A  is only proportional to DS3 , 
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3DS  can be expressed in terms of the alignment angle   as, 
2 2
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The bar indicates the mean value,  is measured between the long-axis of the nanotube and 
the electric field direction, which is also the polarization direction of the incident light in our 
experiment, and  is the solid angle. ROTU  is the rotational energy of the SWCNT in the 
electric field and ),,( TUf ROT is the Boltzmann distribution function. ROTU  is calculated on 
the basis of the polarizability of SWCNTs in solution as described in detail by Blatt et al24. T is 
the temperature and set to 300K. On this basis DS3  and A  can be calculated as a function 
of E

,  , CNTl , CNTd , 

CNT , 

l  as outlined in the supporting information. 
 can be written 
as  i , with 038.2   and mS /100.1
11  for toluene.
25 For SWCNTs, 
22
0 28.38.33)( dnmdCNTCNT  deduced from first-principles calculations of Marzari et 
al.,26 yielding values between 35.4 0  and 36.3 0  for the SWCNTs under consideration. From 
previous dielectrophoresis experiments CNT  is on the order of mS /1.0 .17,24 It should be 
emphasized that the simulation contains no additional free parameter. 
Figure 1 shows how the differential absorption of semiconducting SWCNTs in toluene 
depends on the nanotube length and diameter when exposed to an electric field
E  = 2.5 kV/cm at a frequency  =  2 = 20 kHz. For SWCNTs with length up to 1.5 µm 
and diameter between 1-1.5 nm, A  can reach values of unity and therefore is 
experimentally accessible. Perfect alignment would correspond to 2A , however this 
value cannot be reached due to depolarization effects, which become more pronounced for 
smaller diameter SWCNTs and will be discussed later. The sensitivity of A  to a certain 
SWCNT length range can be tuned by varying E  (Figure S4). 
We will now compare the simulations with the experimental results. For measuring A  we 
have used the set-up shown in Figure 2. The core is a cuvette with external electrodes driven 
by a signal generator to generate an electric field that is perpendicular to the light path and 
parallel to the horizontal alignment of the two linear polarizers. Light from a halogen lamp is 
guided through the polarizers and cuvette, and detected by a silicon CCD based 
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spectrometer. Each measurement of A  comprises a zero-field measurement and a field 
measurement. The signal generator supplies a 20 kHz signal with a voltage amplitude of 
2380 V, resulting in an electric field strength in toluene of 2.5 kV/cm. This field strength has 
been used for the simulation in Figure 1. We have studied dispersions of polymer-wrapped 
SWCNTs in toluene containing mainly (9, 8), (10, 8), (10, 9), (11, 7), (11, 9), (11, 10) and 
(12, 8) SWCNTs detectable by the EFIDAS setup via their S22 transitions, as confirmed by 
additional absorption and photoluminescence spectroscopy (Figure S2, S3). We have 
measured EFIDAS with 4 fractions that were length sorted as described in [27]. For reference 
their length distribution was characterized by atomic force microscopy (AFM). Fitting the 
measured length distribution to a Gaussian and lognormal distribution function, the Gaussian 
mean value and lognormal peak values of the fractions were determined within the given 
uncertainty for fraction 1 to 790±18 nm and 720±27 nm, for fraction 2 to 543±19 nm and 
465±24 nm, for fraction 3 to 564±19 nm and 480±39 nm, and for fraction 4 to 390±18 nm and 
345±20 nm, respectively. Hence the average length of SWCNTs decreases from fraction 1 to 
fraction 4, which is a consequence of the longer retention time of shorter nanotubes on the 
column.28 More details about the spectroscopy and materials are contained in the methods 
section. 
The EFIDAS setup allows measuring A  associated with the second optical transitions S22 
of the dispersions. Figure 3 shows the differential absorption spectra A derived from the 
absorption spectra with and without applied electric field for the fractions 1-4 in (a, c, e, g), 
next to the corresponding length distributions determined by AFM in (b, d, f, h). First, we 
observe that the overall minimum and maximum of A  is 0.1 and 0.75, respectively, and 
hence within the range of the simulation. Second, we observe that A  scales systematically 
with the SWCNTs average length, with the highest value measured for fraction 1 and the 
lowest for fraction 4. This observation shows that EFIDAS is sensitive to the length of 
SWCNTs in dispersion and shows qualitatively a dependence that is expected based on the 
simulation. Third, we observe that A  is wavelength dependent, with maxima and minima 
correlating to structures in the absorption spectra. Figure 4a shows for fraction 1 an 
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assignment of the peaks in A  to the SWCNT chiral index based on reference absorption 
and photoluminescence spectra shown in the supporting information. Since concentration 
effects drop out in EFIDAS we can trace back the modulations in A  to a chiral-index 
dependent degree of alignment. Interestingly the modulations in A  are also present in the 
shorter SWCNT fractions 2-4, where, according to Figure 1, A  is no longer sensitively 
dependent on the SWCNT chiral index or diameter. Hence a still observable modulation of 
A   must reflect a heterogeneous length distribution across the chiral index specific SWCNT 
subpopulations in the different fractions. 
We will next extract the length of SWCNTs CNTl  in dispersion from the differential absorption 
spectra A . In Figure 4a we plot A  for the fractions 1-4. Ranges of A  are indicated for 
each fraction by vertical bars. The experimental A  values can be converted into CNTl  by 
using the simulation-derived correlation between A  and CNTl  as shown in Figure 4b. The 
values of CNTl  measured by EFIDAS are close to the AFM mean length and reproduce the 
trend in which higher fraction numbers have on average shorter SWCNTs (Figure 4c). As 
shown, for all fractions the EFIDAS derived values fit very well to the AFM mean length.   
The agreement between the two methods is remarkable in particular since EFIDAS is based 
only on the dielectric functions of the SWCNTs and the solvent, and hence is without free 
parameters. Critical to the methods quantitative applicability is certainly the correlation 
between A  and CNTl . It is interesting to see that the calculated curves in Figure 4b do not 
fall on top of each other. This is due to small variations in CNT  and CNTd  for the chiralities of 
interest. The influence of CNT is shown in Figure S5. For the simulation of Figure 4b and 
Figure 1 we have used mSCNT /12.0 , a value that gives the best fit to the AFM data and 
which happens to be comparable to our earlier dielectrophoresis experiments with SWCNTs 
in aqueous medium.24 Previously the non-zero value of CNT has been attributed to 
surface-induced conductivity mediated by ions in the aqueous double layer. For polymer-
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wrapped undoped SWCNTs in toluene as is the case here, we would have expected that 
CNT would be negligibly small. However simulations in Figure S5 show that for 
mSCNT /1.0  the maximum value for A does not exceed 0.6, which is in contradiction 
with the experimental observations of (10, 8) SWCNTs, yielding a peak value of 0.63 from 
fraction 1. On the other hand a significantly larger value would shift the curve towards shorter
CNTl  and lead to an underestimation of the true length when benchmarked with the AFM 
measurements. Since surface-induced conductivity mediated by ions can be excluded in this 
work, CNT  must be related to intrinsic free charge carriers present in the SWCNT. We 
attempt to estimate CNT  by considering 4 conduction channels that are thermally activated 
by )2exp( kT . With a transport gap of Δ = 1 eV29 and kT  = 0.025eV, this would 
correspond to a thermally activated resistance of R ≈ 3·1012 Ω. Assuming 1CNTl m and
nmdCNT 1 , R can then formally be converted into
24 CNTCNT Rdl   ≈ 0.4 S/m, yielding the 
right order of magnitude. This oversimplified approach should be further developed including 
the influence of doping, however this would be beyond the scope of this paper. 
We continue with the length of chiral index subpopulations encoded in the EFIDAS data, and 
extract from Figure 4a the differential absorption for different (n,m) species. The ),( mnA
values are converted into ),( mnlCNT and plotted against the fraction number as shown in 
Figure S6. The graph shows that overall the SWCNT length decreases with fraction number. 
Interestingly, we observe that according to EFIDAS the (n,m) length order changes from  
fraction 1 to fraction 2, which would mean that the elution time in GPC-based sorting not only 
depends on the SWCNT length but also on the chiral index. Whether the EFIDAS results are 
significant or whether the measurement error is underestimated remains currently unresolved. 
Unfortunately we cannot confirm this result by AFM measurements since AFM is not 
sensitive to the chiral index, but the data indicates the potential of EFIDAS for 
chirality-resolved length measurements in solution. 
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Now we discuss the dependence of EFIDAS on the electric field frequency, which is 
essential to understand the non-monotonic length dependence of A  for small diameter 
nanotubes in Figure 1. Effects related to the viscosity of the liquid can be ignored since we 
measure A  under steady-state conditions. The steady state is reached within seconds after 
switching on the electric field, as shown in Figure S7. Also nanotube-nanotube interaction 
can be ignored since the nanotube concentration is ~ 0.10 tube/µm3 as determined from the 
absorption in combination with the average nanotube length. As explained before, A  is 
calculated from the rotational energy ROTU  using equations 2 and 3. ROTU  is defined as the 
integral over the time-averaged torque T  imposed on the SWCNTs in the oscillating field 
(eq. 4), whereas T  is proportional to the difference of the real parts of the longitudinal and 
transverse Clausius-Mossotti factors ||CM  and CM , respectively (eq. 5). The 
Clausius-Mossotti factors contain the frequency-dependent dielectric functions of the CNT 
and the solvent (eq. 6): 
 dTU CNTROT         (4) 
   cossin}Re{}Re{
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||L  and L  are the longitudinal and transverse depolarization factors, respectively, with L
= 1/2 and  1)2ln(22||  CNTCNTCNTCNT dlldL  .17,30 The expressions can be simplified for 
semiconducting SWCNTs since CNT
CNTCNT   ||  and CNT
CNTCNT   || , as outlined by 
Blatt et al.24 Figure S8a shows that ||Re{ }CM  >> Re{ }CM  throughout our simulation space. 
Hence the frequency dependence of ROTU  and thus of A  is entirely determined by 
||Re{ }CM . In Figure 5a we have plotted ||Re{ }CM  as a function of field frequency and 
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SWCNT length for CNTd  = 1.30 nm. The data shows that ||Re{ }CM > 10
3 for  < 105Hz. 
Therefore, A  reaches sizable values only for  < 105 Hz as shown in Figure 5b. The 
experimental frequency  = 2·104 Hz is hence a good choice for EFIDAS based length 
measurements of semiconducting SWCNTs in toluene, although larger A  values are 
expected for lower frequencies as shown in Figure 5b. A practical measure for selecting an 
appropriate field frequency is the so-called Maxwell-Wagner relaxation time MW , which 
accounts for the characteristic time scale of charge accumulation at the interface of two 
materials. For SWCNTs modelled as prolate ellipsoids,24,30,31 the relevant longitudinal 
Maxwell-Wagner relaxation ||MW  is given by lCNTlCNTMW LLLL  )1()1( ||||||||
||  . 
The corresponding Maxwell-Wagner relaxation frequency   1|| MW decreases with the 
SWCNT length and increases with the SWCNT diameter, as shown in Figure S8b, and can 
be traced back to the diameter and length dependence of ||L . A necessary condition for 
effective EFIDAS measurements is fulfilled if   1||  MW . Also the non-monotonic length 
dependence of A  for small diameter semiconducting SWCNTs in Figure 1 is due to the 
length and diameter dependence of   1|| MW and Re{CM||}. 
A limitation of EFIDAS is that the method does not work for semiconducting SWCNTs in 
aqueous surfactant solution which we discuss now and show experimental results. The 
conductivity of water with 1 wt-% SDS is water = 0.1 S/m, and 10 orders of magnitude larger 
compared to toluene. This large conductivity of the solution in combination with the dielectric 
constant of water ( water  = 81 0  ) yields for the same applied voltage amplitude of Vrms = 
2380 V an electric field of only Erms = 1.2·10-4 kV/cm at  = 20 kHz, which is 5 orders of 
magnitude lower than in toluene.  As a consequence of the very low field amplitude, A  is 
more than 10 orders of magnitude smaller as compared to toluene, and hence not detectable 
as calculated in figure 6a using mSCNTCNT /0.35||   .17,24 The corresponding 
experimental data is shown in Figure 6b for (8, 6) SWCNTs in 1 wt-% SDS in water. No 
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significant values for A  could be measured. Since Erms in water increases with  as shown 
in Figure S9, we simulated the dependence of A  on field frequency and SWCNT length for 
semiconducting SWCNTs in aqueous surfactant solution. The results are shown in Figure 6a 
and demonstrate that even at  = 107 Hz, where Erms in water reaches 5.3·10-2 kV/cm, A  is 
on the order of 10-6 and therefore still too small to measure.  
Finally we evaluate the potential of EFIDAS to determine not only the chiral-index resolved 
mean length of a dispersion but also the (n,m)-specific length distribution )(, CNTmn lg . This 
requires measurement of mnA ,  as a function of the electric field E. mnA ,  is given by 
  CNTrmsCNTmnCNTmnrmsmn dlElflgEA ),()()( ,,, , with ),(),( ,, rmsCNTmnrmsCNTmn ElAElf   being 
the field rmsE  and length CNTl  dependent (n,m)-specific differential absorption. The function 
mnf ,  is a result of the modelling as shown in Figure 7(a) and effectively maps the length 
distribution onto the field dependence. For demonstration purposes we use a log-normal 
model length distribution for )(, CNTmn lg  as shown in Figure 7(b) and calculate )(, rmsmn EA  
shown in Figure 7(c). The length distribution is encoded in )(, rmsmn EA  and can be extracted 
as follows. First we rewrite the above integral in vector notation gFA

  with the vectors 
)(, rmsmn EAA 

 and )(, CNTmn lgg 

, and the matrix ),( rmsCNT ElfF  . We then numerically 
calculate the inverse matrix 1F , which finally allows us to reconstruct the length distribution 
via AFg

 1 . The result is shown in Figure 7(b) and demonstrates that the model length 
distribution has indeed been nicely reconstructed by the outlined procedure. Notably, the 
accuracy of the approach is only limited by the size of F and the computational power 
required for calculating 1F . However, this is not a limiting factor and 1F has to be 
calculated only once for each (n,m) SWCNT and can be further used as a look-up table. 
Hence we are convinced that EFIDAS allows to determine also the (n,m)-specific length 
distributions of SWCNTs in solution by measuring the electric-field dependent differential 
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absorption spectrum. Testing EFIDAS with a set of monochiral dispersions should further 
corroborate these results. 
 
CONCLUSIONS 
Electric-field induced differential absorption spectroscopy (EFIDS) is a fast, simple and cost-
effective method to measure in-situ the average length of polymer-wrapped single-walled 
carbon nanotubes (SWCNTs) dispersed in toluene. Due to the spectral resolution of the 
method, it is possible to determine the average length of (n,m)-sub-populations in few-chiral 
index  dispersions, which is particularly useful in the context of carbon nanotube processing 
as has been shown here for the case of length fractionation. The EFIDAS results are 
consistent with ex-situ atomic force microscopy (AFM) data obtained for the same fractions, 
which shows that the electric-field alignment of the nanotubes can be modelled on the basis 
of the dielectric properties of SWCNTs and toluene without free parameters. The method 
cannot be applied to SWCNTs dispersed in aqueous surfactant solution due to the high 
conductivity and permittivity of the solvent reducing the EFIDAS signal by orders of 
magnitude. However by simulations we could show that the determination of the chiral-index 
resolved in-situ length distribution of polymer-wrapped SWCNTs dispersed in toluene seems 
to be possible. 
 
MATERIALS AND METHODS 
SWCNT dispersions. Dispersions of semiconducting SWCNTs (s-SWCNTs) in toluene were 
prepared from pulsed laser vaporization (PLV) SWCNTs32 using the polymer Poly(9,9-di-n-
dodecylfluorenyl-2,7-diyl) (PODOF). The PODOF wrapped s-SWCNTs in toluene were then 
further length fractionated with an GPC system as described in detail in [27]. The few-chiral 
index dispersions contain (10, 8), (10, 9), (11, 7), (11, 9), (11, 10) and (12, 8) SWCNTs. For 
comparison a  dispersion enriched in (8, 6) SWCNTs in water was prepared using high 
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pressure carbon monoxide (HiPco) SWCNTs from NanoIntegris and the surfactant sodium 
dodecyl sulfate (SDS) by size exclusion chromatography (SEC) as described in detail in [33].  
Spectroscopy. EFIDAS measurements were performed in a home-made setup comprising a 
fiber-coupled Ocean Optics HR4000 High-Resolution Spectrometer, a fiber-coupled 
Mikropack DH-2000-BAL UV-VIS-NIR light source, Ocean Optics collimating lenses, 
Thorlabs LPVIS050 linear polarizers and a Hellma 114-QS Quartz cuvette with 
12.5mm x 12.5mm outer dimensions and 4mm x 10mm inner dimensions. The cuvette was 
loaded with its long axis parallel to the light beam, yielding an optical path length of 10mm. 
Copper electrodes were attached from outside to the cuvette, parallel to the beam axis. The 
electrodes were biased with a Tesla generator dismantled from a commercial, low-value 
plasma ball. The generator has been characterized with a Testec TT HVP 15HF high-voltage 
probe and produces a 20 kHz signal with Vrms = 2380 V when connected to the electrodes of 
a toluene filled cuvette. This voltage translates into an electric field of Erms = 2.5 kV/cm in 
toluene using the expression for a capacitive voltage divider 
rms
toluenetolueneglassglass
glassglass
toluene
toluene
rms V
tt
t
t
E 




2
1
, 
with the thickness of the two quartz glass walls glasst  = 4.25 mm, the thickness of the toluene 
layer toluenet  = 4 mm, the dielectric constant of quartz glass glass  = 3.75 and the dielectric 
constant of toluene toluene  = 2.38. For simulations of the electric field in water ( water  = 81) the 
ionic conductance has been taken into account (  = 0.1 S/m for 1 wt-% SDS) yielding a 
frequency dependence of the field amplitude as shown in Figure S9. In the EFIDAS setup 
both polarizers were aligned parallel to the electric field axis. The spectral range of the setup 
is 300 - 1000 nm. In addition a Varian Cary 500 spectrometer was used for absorption 
measurements over an extended spectral range of 250 - 2000 nm (Figure S1), without 
electric fields. Photoluminescence excitation maps (Figure S2) were measured with a 
modified Bruker IFS66 FTIR spectrometer equipped with a liquid-nitrogen cooled Germanium 
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photodiode and a monochromatized halogen lamp. The system has an excitation range of 
700 - 950 nm and a detection range of 1250 - 1700 nm.34 
Atomic force microscopy. The diameter and length distributions of PODOF-wrapped 
SWCNTs were measured with a Bruker NanoScope III atomic force microscope using 
Mikromash silicon cantilevers in tapping mode at a resonance frequency of 320 kHz. The 
samples were prepared by spin-coated 0.5 μl of dispersion at 4000 rpm for 1 min onto a 
silicon wafer. 
Calculations. Calculations were performed using Matlab R2014a software. 
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Figure 1. Simulation of differential absorption ΔA as a function of SWCNT diameter dCNT and 
length lCNT for semiconducting SWCNTs dispersed in toluene. The electric field and frequency 
was set to Erms = 2.5 kV/cm and ν = 20 kHz. 
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Figure 2. Schematic of the electric-field induced differential absorption spectroscopy (EFIDAS) 
setup. The linear polarizers are horizontally aligned (red arrows), parallel to the direction of the 
electric field generated across the cuvette. 
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Figure 3. Differential absorption spectra A  and absorption spectra ||A  of semiconducting 
SWCNTs in toluene, measured at zero field and at Erms = 2.5 kV/cm and ν = 20 kHz. The data is 
shown for fractions 1-4 (a, c, e, g) together with AFM length measurements (b, d, f, h). 
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Figure 4. Length determination with EFIDAS. (a) Differential absorption spectra A  measured 
for fractions 1-5 with indicated (n, m)-specific contributions. (b) (n, m)-specific calculations of 
A  versus nanotube length lCNT. Ranges of A are converted into ranges of lCNT as indicated 
by bars and arrows. The results are compared to fitted AFM mean and peak length values for 
the fractions shown in (c). 
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Figure 5. Simulations of (a) the real part of the longitudinal Clausius-Mossotti factor Re CM||  
and (b) the differential absorption A , as a function of field frequency  and nanotube length 
lCNT. Simulations consider semiconducting SWCNTs with diameter dCNT = 1.30 nm, dispersed in 
toluene and exposed to an electric field Erms = 2.5 kV/cm. The horizontal dashed line in (a) 
indicates the field frequency used for the EFIDAS measurements. 
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Figure 6. EFIDAS with semiconducting SWCNTs in aqueous surfactant solution. (a) Simulation 
of differential absorption A  as a function of field frequency  and nanotube length lCNT, for 
SWCNTs in 1-wt%-SDS in water. The horizontal dashed line indicates the field frequency used 
in the experiment. (b) Measurements of differential absorption spectra A  and absorption 
spectra ||A  at zero field and at Erms = 1.2·10
-4 kV/cm and ν = 20 kHz. The electric field in water is 
reduced by 5 orders of magnitude and A  by 12 orders of magnitude as compared to toluene.  
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Figure 7. Strategy to determine (n,m)-specific length distribution of SWCNTs in dispersion with 
EFIDAS. (a) Simulation of the differential absorption ΔA as a function of SWCNT length lCNT and 
electric field Erms, for dCNT = 1.30 nm and ν = 20 kHz. (b) Log-normal model length distribution 
(solid line) compared to the length distribution (open symbol) reconstructed from (c) as 
described in the text. (c) Differential absorption versus electric field Erms for the log-normal 
model length distribution shown in (b). 
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Additional information on the EFIDAS model 
In order to derive the differential absorption A , or the nematic order parameter 3DS  of 
SWCNTs in solution,1 we need the Boltzmann distribution function distribution ),,( TUf ROT
which depends on the rotational energy UROT and the temperature T and is given by2 
 




0
)/exp(
)/exp(
)(
dTkU
dTkU
df
BROT
BROT        (1), 
 dddd sin2sin         (2). 
df )(  describes the probability for specific orientation of one SWCNT with respect to the 
electric field expecting in the unit radian angle of d  in spherical coordinates as illustrated in 
Figure S1. Bk is the Boltzmann constant.  
 
Figure S1. Cartesian and spherical coordinates for the EFIDA spectroscopy-based model of 
SWCNTs, the direction of polarized light is parallel to the electric field.  
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Absorption spectra of SWCNT solutions 
 
Figure S2. Absorption spectra of PODOF-wrapped semiconducting SWCNTs in toluene (a) and 
(8,6) dispersed in SDS/water (b). The data has been measured with a complementary setup that 
extends the range of the EFIDAS setup towards the NIR. (c) Zoom-in to the S22 region that is 
relevant for the EFIDAS measurements. The absorption data has been deconvoluted into 
individual (n,m) contribution using Lorentzian fit functions after subtracting a linear 
background. The dashed line is the cumulative of the individual contributions and fits very well 
to the data. (d) (n m)-assignment of the individual peaks based on reference data from SWCNTs 
in aqueous surfactant medium.3 Differences in the peak positions are due to the different 
solvents (toluene versus water).    
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Fluorescence excitation maps of SWCNT solutions 
 
 
Figure S3. Photoluminescence excitation map of PODOF-wrapped semiconducting SWCNTs in 
toluene. (a) fraction 1, (b) fraction 2. CNT species with emission line above 1650 nm are not 
detectable due to the strong absorption of toluene between 1650-1700 nm. 
 
  
30 
 
Differential absorption vs. electric field and SWCNT length 
 
Figure S4. Differential absorption A as a function of electric field strength field E and 
nanotube length lCNT. Simulations were done for semiconducting SWCNTs with diameter 
dCNT = 1.30 nm, dispersed in toluene. The field frequency was set to  = 20 kHz. 
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Differential absorption vs. SWCNT conductivity and length 
 
 
Figure S5. Differential absorption A as a function of nanotube conductivity σCNT and nanotube 
length lCNT for (10, 8) SWCNTs dispersed in toluene. The electric field and frequency was set to 
Erms = 2.5 kV/cm and ν = 20 kHz.  
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Chirality-resolved mean length vs. fraction number 
 
Figure S6. Chirality-resolved mean length determined by EFIDAS for SEC-sorting fractions 1-4. 
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Dynamic effects in EFIDAS 
 
 
Figure S7. Dynamics of nanotube alignment measured by the time-evolution of the absorbance 
upon switching of the electric field.. 
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Simulation Clausius-Mossotti factor ratio Re CM|| / Re CM 
and the longitudinal Maxwell-Wagner relaxation frequency 
 
 
 
Figure S8. Simulation of (a) the ratio of the real part of the transverse and longitudinal 
Clausius-Mossotti factors Re CM|| / Re CM as a function of field frequency  and nanotube 
length lCNT, and (b) the longitudinal Maxwell-Wagner relaxation frequency   1|| MW  versus 
nanotube length lCNT and nanotube diameter dCNT. Simulations were done for semiconducting 
SWCNTs dispersed in toluene. In (a) dCNT = 1.30 nm and Erms = 2.5 kV/cm, and the horizontal 
dashed line indicates the field frequency used for the EFIDAS measurements. 
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Electric field versus field frequency in toluene and in water 
 
 
 
Figure S9: Electric field Erms versus field frequency  in toluene and in water with 1 wt-% SDS. 
The voltage amplitude applied to the cuvette is Vrms = 2380 V in both cases.  
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